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Abstract: The insecticidal and antifeedant activity of extracts derived from different plants of Aesculus hippocastanum L.
(Hippocastanaceae), Viscum album L. (Loranthaceae), Sambucus nigra L. (Caprifoliaceae), Buxus sempervirens L. (Buxaceae),
Diospyros kaki L. (Ebenaceae), Artemisia absinthum L. (Compositae), Alnus glutiosa Goertn. (Betulaceae), Origanum vulgare L.,
(Labiatae), Hypericum androsaemum L. (Hypericaceae) and Ocimum basilicum L. (Labiatae) are reported. The 95% ethanol extracts
of plants were tested for toxicity against the third-fourth instar larvae of the Thaumetopoae solitaria Frey. (Lep.: Thaumetopoeidae).
Antifeedant activity of the extracts was assessed through tests conducted on the larvae of T. solittaria by the feeding protection
bioassay. In the tests carried out on the larvae of T. solittaria, A. hippocastanum, A. glutiosa, H. androsaemum, and O. basilicum
extracts showed high toxicity with 48 h values of 90%, 80%, 70%, and 70%, respectively. The toxicity levels of the V. album, S.
nigra, B. sempervirens, D. kaki, A. absinthum, and O. vulgare extracts were determined as LC50 values of 60%, 60%, 50%, 50%,
40%, and 30% within the same period, respectively. Ten per cent mortality was determined in control group I. However, no
mortality was determined in control group II. Alcohol extract from A. hippocastanum, A. glutiosa, and H. androsaemum showed high
antifeedant activity against larvae of T. solitaria with the absolute deterrence coefficients of 52.05, 41.18, and 40.06, respectively.
In addition, A. hippocastanum and B. sempervirens extracts caused a decrease in the consumption of food per 1 mg of larva body
weight accompanied by the higher body weight loss values of 76.3 and 58.6 mg/larva, respectively.
The highest food consumption (59.6 mg/larva) was observed with the extract from D. kaki and the lowest food consumption (17.6
mg/larva) was with the extract from A. hippocastanum. The other tested extracts showed similar activities.
Key Words: Botanical insecticides, Thaumetopoae solitaria, Plant extracts

Thaumetopoae solitaria Frey. (Lep.: Thaumetopoeidae)’n›n Geliflmesi Üzerine Baz› Bitki
Özütlerinin Antifeedant (‹fltah kesici) ve Toksik Etkileri
Özet: Aesculus hippocastanum L. (Hippocastanaceae), Viscum album L. (Loranthaceae), Sambucus nigra L. (Caprifoliaceae), Buxus
sempervirens L. (Buxaceae), Diospyros kaki L. (Ebenaceae), Artemisia absinthum L. (Compositae), Alnus glutiosa Goertn.
(Betulaceae), Origanum vulgare L., (Labiatae), Hypericum androsaemum L. (Hypericaceae) ve Ocimum basilicum L. (Labiatae)
bitkilerinden kaynaklanan insektisidal ve ifltah kesici aktivite rapor edildi. Bitkilerin % 95’lik alkol özütleri 3-4. kabuk de¤ifltirme
durumundaki Thaumetopoae solittaria Frey. (Lep.: Thaumetopoeidae) larvalar›na test edildi. Bitki özütlerinin, T. solittaria larvalar›
üzerindeki ifltah kesici aktiviteleri larvalar›n beslenme davran›fllar› yöntemiyle de¤erlendirildi.. A. hippocastanum, A. glutiosa, H.
androsaemum ve O. basilicum bitki özütlerinin T. solittaria larvalar› üzerindeki 48 saatlik test baflar›s› s›ras›yla % 90, % 80, % 70
ve % 70 olarak belirlendi. Di¤er bitki özütlerinin ayn› periyotta göstermifl olduklar› toksitite de¤erleri % 60, % 60, % 50,
% 50, % 40, ve % 30 olarak belirlendi. Kontrol I grubunda % 10 ‘luk bir ölüm tespit edil. Fakat kontrol II de hiçbir ölüm tespit
edilemedi. A. hippocastanum A. glutiosa ve H. androsaemum bitkilerden elde edilen alkol özütleri T. solittaria larvalar› üzerinde
yüksek bir de¤erde ifltah kesici özellik gösterdi (52,05, 41,18 ve 40,06). Buna ilaveten hem A. hippocastanum hemde B.
sempervirens bitki özütleri 1 mg larva bafl›na vücut a¤›rl›¤›n› en yüksek de¤erde düflürdü¤ü görüldü –76,3, -58,6.
En yüksek besin tüketiminin D. kaki bitki özütündü ile en düflük besin tüketiminin ise A. hippocastanum bitki özütü ile gözlendi. Di¤er
bitki özütleri benzer aktiviteyi gösterdi.
Anahtar Sözcükler: Bitkisel ‹nsektisidler, Thaumetopoae solittaria bitki özütü
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Introduction
Insect pests have mainly been controlled with
synthetic insecticides over the last 50 years. Prior to the
discovery of organochlorine and organophosphate
insecticides in the late 1930s and early 1940s, botanical
insecticides were important products for pest
management in industrialised countries (1). Most
insecticidal compounds fall within 4 main classes:
organochlorines, organophosphates, carbamates, and
pyrethroids. Among these major classes in use today are
organophosphates and carbamates (2,3). There are
problems of pesticide resistance and negative effects on
non-target organisms, including humans, and the
environment (4-6). The organic synthetic insecticides are
more hazardous to handle, leave toxic residues in food
products, and are not easily biodegradable, in addition to
their deleterious influence on the environment. Unlike
synthetic ones that kill both pests and predators, natural
insecticides are relatively inactive against the latter.
The botanical insecticides are generally pest-specific
and are relatively harmless to non-target organisms
including humans. They are also biodegradable and
harmless to the environment (7). Furthermore, unlike
conventional insecticides that are based on a single active
ingredient, plant-derived insecticides comprise an array of
chemical compounds which act concertedly on both
behavioural and physiological processes. Thus the chances
of pests developing resistance to such substances are less
likely (8). One plant species may possess substances with
a wide range of activities; for example, extracts from the
neem tree Azadirachta indica are antifeedant,
antioviposition, repellent and growth-regulating (9,10).
In contrast, the toxicity of conventional synthetic
insecticides is mainly restricted to neuro-muscular
function (2). Conventional synthetic insecticides require
special safety procedures and equipment during
production and application because of the exposure risks
for humans, the environment (5), and food (6). The
synthetic insecticides are expensive and have in many
cases only produced moderate results along with major
ecological damage (5). In contrast, the low toxicity of
botanical insecticides makes the processing and
application of the product inexpensive. In many cases, the
materials are locally available and affordable (11).
The supply of natural insecticides could be made
continuous at a cheaper rate by regular cultivation. The
use of organochlorine insecticides has been banned in
52

developed countries, and alternative methods of insect
pest control are being investigated (4). Botanicals are a
promising source of pest control compounds. The pool of
plants possessing insecticidal substances is enormous (6).
These have generated extraordinary interest in recent
years as potential sources of natural insect control agents.
Today over 2000 species of plants are known to possess
some insecticidal activity (7).
The importation of plant material or derivatives
thereof for use as insecticides represented a considerable
enterprise: for example, over 6700 t of Derris elliptica
roots were imported into the USA from south-east Asia in
1947, but this decreased to 1500 t in 1963 (12). This
reflects the extent to which botanicals have been
displaced by synthetic insecticides. The trend continues: in
1990, imports of pyrethrum in the USA totalled just over
350 t (13). In addition, some botanical insecticides that
had enjoyed use in North America and Western Europe
have lost their regulatory status as approved products.
These include nicotine (from Nicotiana tabacum), quassin
(from Quassia amara and Picrasma excelsa), and ryania
(from Ryania speciosa). As a consequence, the only
botanicals in wide use in North America and Europe are
pyrethrum (from Chrysanthemum cinerariaefolium) and
rotenone (from Derris spp. and Lonchocarpus spp.), while
neem (Azadirachta indica A.Juss.) is approved for use in
the USA and regulatory approval is pending in Canada and
Germany. Botanical insecticides presently constitute 1%
of the world insecticide market, and sales are expected to
increase. The impact of botanicals will perhaps be most
noticeable in the home-and-garden sector, where they
might conceivably achieve as much as a 25% market
share within 5 years (1).
The main purpose of the agricultural studies is to
increase the yield of product per hectare. The Pistacia
small ermine moth (Thaumetopoae solitaria Frey.) causes
serious defoliation at the tips of branches of Pistacia
trees, whose leaves, superficially gnawed, assume a
reddish colour. The young fruit included within the webs
show traces of bites. When defoliation is severe, the
summer growth of the fruit stops and the fruit falls
prematurely.
Infestations are frequently spaced out by several years
and are witnessed particularly in older orchards in Turkey
(14). This pest damages the Pistacia leaves during spring
and summer. It causes approximately 100% economic
damage particularly to Pistacia production per year in
Turkey (14).
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The purpose of this study was to test the extracts of
10 wild-growing plants for their antifeedant properties
and toxicity effects on the development of T. solitaria.

Materials and Methods
Collection of insects
Larvae of T. solitaria were collected from April-May to
July 2003 in agricultural fields in the vicinity of Siirt
(Turkey). The larvae were taken to the laboratory and
placed individually and in batches in plastic boxes and fed
with the leaf of Pistacia trees.

Preparation of plant extracts
Fresh twigs of Aesculus hippocastanum L.
(Hippocastanaceae), Viscum album L. (Loranthaceae),
Sambucus nigra L. (Caprifoliaceae), Buxus sempervirens
L. (Buxaceae), Diospyros kaki L. (Ebenaceae), Artemisia
absinthum L. (Compositae), Alnus glutiosa Goertn.
(Betulaceae), Origanum vulgare L. (Labiatae), Hyperic›m
androsaemum L. (Hypericaceae), and Ocimum basilicum
L. (Labiatae) were collected in March and April (2002) in
the Black Sea region (Turkey). The samples of
Lig›idamber orientalis, Ocimum basilicum L. and
Origanum vulgare L. were obtained from local markets.
The plants were identified according to the Flora of
Turkey (15). Fresh leaves, stems and flowers of the
plants were dried at 40 °C for 5-6 h. The extracts of
plants were prepared according to the methods described
by Holopainen et al. (16) and Valsaraj et al. (17) with
slight modification. Dried leaves, stems, and flowers of
each plant were individually extracted with 95% ethanol
with 1:5 (w/V) ratio (50 g plant material powder: 250 ml
solvent) at room temperature. The extracts were kept at
4 °C for 1 day, and filtered through 45 µm membrane
filter, and then the solutions were dried (35-36 °C). The
crude extracts were stored at –20 °C until used.
Biological assays
The captured insects were taken from the gardens to
the laboratory in appropriate boxes; larvae were reared in
groups of 10 in containers. Containers were punched to
permit air flow. Each group was fed for 48 h with fresh
leaves of Pistacia trees.
To determine the amount of caterpillar feeding, the
weighed fresh leaves of Pistacia trees were immersed in

the prepared extracts for about 3 s. After air drying, they
were placed into glass containers 100 mm in diameter for
each plant extract (17). Two controls were taken, one
with 95% ethanol and the other without any treatment
as a check. Ten instar larvae weighed early about in the
transition between the second and third terms were
placed on the diet in each container for each assay. Based
on the amount of food consumed, the absolute
deterrence coefficient was calculated using the formula
according to Kielczewski et al. (19): coefficient = (C T):(C + T) x 100, where T is weight of food eaten by
caterpillars in the experimental variant and C is weight of
food consumed in the control variant. The changes in the
body weight of tested caterpillars and the amount of
eaten food per mg of body weight increase were also
noted. After 48 h, the larvae received fresh diet every 24
h (20). The first control group was treated with ethanol
and the second control group without any treatment for
the first 48 h and then with fresh diet every 24 h, and
finally dead larvae were removed (21).
All larvae tested were kept at 26 ± 2 °C and 60% RH
on a 12:12 hour photoperiod (21,23). Dead larvae were
removed immediately, and the bioassay was checked daily
until the eighth day. Data were evaluated by using
Abbott’s formula. All tests were performed in triplicate.

Results
Absolute deterrence coefficients
The analysis of absolute deterrence coefficients,
showing relations in the amount of eaten food in tested
and control variants (Table 1), indicates the strongest
effect by the ethanol extract from A. hipopcastanum
(coefficient = 52.05), which practically means a complete
lack of feeding, taking into account the weight loss of
leaves because of drying. Feeding of T. solitaria
caterpillars was also limited by the extract from A.
glutinosa and H. androsaemum, the coefficients being
41.18 and 40.06, respectively. The deterrence coefficient
effects of the other tested plants, A. absinthium, V.
album, O. basilicum, and B. sempervirens, were
determined as 38.56, 36.71, 34.39, and 31.44 within
the same period, respectively.
The ethanol extracts from both S. nigra and O.
vulgare showed a far weaker deterrent effect. In the case
of other extracts, the values of coefficient were the same
as those of Control group I, 95% ethanol (coefficient =
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Table 1. The effects of 10 different plant extracts on feeding and growth of T. solitaria larvae.

Plant

Parts used

Food Placed
on dish
(in mg)

Total Food
consumption
(in mg)

Absolute
coefficient
of deterrence

Food
consumption
per larva
(in mg)

After 48 hours
change in body
weight per one
larva (in mg)

After 48 hours
% change body
weight per one
larva

Flowers and
leaves

1000

428

13.27

42.8

10.3

3.19

Fruit and
leaves

1000

176

**52.05

17.6

-76.3

-22.64

L. Flowers and
leaves

1000

248

38.56

24.8

-47.5

12.63

Flowers, seed and
leaves

1000

362

21.45

36.2

-1.4

-0.465

Flowers, stems
and leaves

1000

239

**40.06

23.9

-66

-18.3

Fruit and
leaves

1000

596

-3.16

59.6

38

12.02

Leaves

1000

233

**41.18

23.3

-57

-17.70

Seed

1000

273

34.39

27.3

-35

-11.47

Leaves

1000

292

31.44

29.2

-58.6

-15.85

Flowers, stems
and leaves

1000

259

36.71

25.9

-30.8

-9.41

Control group I; 95%
ethanol

-

1000

521

3.60

52.1

32.2

10.68

Control group II;
no treatment
(the leaves of Pistacia)

-

1000

560

-

56.0

45.0

13.761

Origanum vulgare L.
(Labiatae)
Aesculus hippocastanum L.
(Hippocastanaceae)
Artemisia absinthum
(Compositae)
Sambucus nigra L.
(Caprifoliaceae)
Hyperic›m androsaemum L.
(Hypericaceae)
Diospyros kaki L.
(Ebenaceae)
Alnus glutiosa Goertn.
(Betulaceae)
Ocimum basilicum L.
(Labiatae)
Buxus sempervirens L.
(Buxaceae)
Viscum album L.
(Loranthaceae)

Absolute coefficient of deterrence = (C - T):(C + T) x 100, where T is weight of food eaten by caterpillars in the experimental variant and C is weight of
food consumed in the control variant, according to Kielczewski et al. (19).

3.60). However, the extract from D. kaki showed
negative values of coefficient, which mean a stimulating
effect on feeding of T. solitaria caterpillars (coefficient =
-3.16).
There were no important differences in the values of
absolute deterrence coefficients between the ethanol
extracts from A. absinthium, V. album, O.basilicum, B.
sempervirens, S. nigra, and O. vulgare, and the ethanol
extracts from A. hipopcastanum, A. glutinosa, and H.
androsaemum showed different absolute deterrence
coefficients.
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Change in body weight of caterpillars
The values of the weight changes of the tested
caterpillars are expressed as percentages with respect to
the dry control (Table 1). The highest caterpillar weight
increase obtained within 48 h was observed in the case of
alcohol extracts from D. kaki and O. vulgare, although the
increase was low when compared with the control. In
most cases, the extracts from A. hipopcastanum and H.
androsaemum showed higher decreases in caterpillar
body weight, with 76.3 and 66 mg body weight losses
per larva (22.64% and 18.3% decrease), respectively.

Ö. ERTÜRK

The results were significantly different from those of the
control experiments (Table 1).

Food consumption per 1 mg of body weight
The results of mg food used per larva were as the
following: the highest consumption (59.6 mg) was
observed with the ethanol extract from D. kaki and the
minimum consumption (17.6 mg) with the extract from
A. hipopcastanum. Larvae treated with the other test
extracts showed similar consumption levels (Table 1).

Toxicity to larvae
The results of the toxicity of A. absinthium, V. album,
O.basilicum, B. sempervirens, S. nigra, O. vulgare, A.
hipopcastanum, D. kaki, A. glutinosa, and H.
androsaemum ethanol extracts to the third-fourth instar
larvae of T. solittaria are presented in Table 2 and the
Figure. In this test, the extracts from A. hipopcastanum,
A. glutinosa, O. basilicum, and H. androsaemum showed
high toxicity, with LC50 values of 90%, 80%, 70% and
70%, respectively, against T. solitaria larvae but were

weakly toxic against T. solitaria pupae as seen in Table 2
and the Figure. The toxicity effects of the extracts from
A. absinthium, V. albu, B. sempervirens, S. nigra, O.
vulgare, and D. kaki were lower, with LC50 values of
60%, 60%, 50%, 50%, 40%, and 30%, respectively,
within the same period. Ten per cent mortality was
determined in control group I. However, no mortality
was determined in control group II.

Discussion
The results of the current study indicate the
importance of traditional knowledge in science. The
ethanol extracts from A. hippocastanum, A. glutiosa, H.
androsaemum, and A. absinthum have been shown to
possess insecticidal and insect repellent components and
these protect the Pistacia tree from insect damage.
Particularly the extract from A. hippocastanum showed
the strongest deterrent effect to T. solitaria, manifested
in their high weight-decrease. Its toxicity effect against T.
solitaria larvae was quite high, while it showed lower
toxicity against the pupae of T. solitaria, although the
toxicity against the pupae was highest among the tested

Table 2. Toxicity effects of 10 plant extracts on T. solitaria caterpillars.

Plant

Parts used

Dead larvae

Dead pupae

Total dead

Flowers and leaves

3

1

4

Fruit and leaves

6

3

9

Flowers and leaves

6

-

6

Sambucus nigra L. (Caprifoliaceae)

Flowers, seed and leaves

5

-

5

Hyperic›m androsaemum L. (Hypericaceae)

Flowers,stems and leaves

6

1

7

Fruit and leaves

3

-

3

Leaves

7

1

8

Ocimum basilicum L. (Labiatae)

Seed

6

1

7

Buxus sempervirens L. (Buxaceae)

leaves

5

-

5

Viscum album L (Loranthaceae)

Flowers, stems and leaves

6

-

6

Control group I; 95% ethanol

-

1

-

1

Control group II; no treatment
(the leaves of Pistacia)

-

-

-

-

Origanum vulgare L. (Labiatae)
Aesculus hippocastanum L. (Hippocastanaceae),
Artemisia absinthum L. (Compositae)

Diospyros kaki L. (Ebenaceae)
Alnus glutiosa Goertn. (Betulaceae)

Data were evaluated by using Abbott’s formula
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Figure.

8

Dead pupa

9

10

11

12

Total dead

The toxicity effects of the plant extracts on T. solitaria, 1; O. vulgare, 2;
A. hippocastanum, 3; V. album, 4; S. nigra, 5; A. glutiosa 6; D. kaki, 7; O.
basilicum, 8; H. androsaemum, 9; B. sempervirens, 10; A. absinthum, 11;
Cont I; 95% ethanol and 12; Control II; no treatment (the leaves of
Pistacia trees). Data were evaluated by using Abbott’s formula.

extracts. Similarly, the extract of A. glutiosa showed a
strong deterrent effect against the larvae of T. solitaria.
However, it did not show any significant toxicity against
the pupae and larvae of T. solitaria.
The ethanol extract from H. androsaemum showed
deterrent effect against T. solitaria, manifested in the
high weight-decrease. The extract showed high toxicity
against the larvae of T. solitaria as well. The ethanolic
extract from O. basilicum has a weak antifeedant effect
on the larvae. Similar findings were reported by Beek and
Grood (25). The toxicity of this extract against the pupae
of T. solitaria was not significant (Figure, Table 2). The
other crude ethanol extracts from V. album, S. nigra, B.
sempervirens, D. kaki, and O. vulgare showed similar
toxicities and antifeedant effects on larvae of T. solitaria.

components showing synergistic effects can be isolated,
purified and tested for their activity against the larvae of
T. solitaria. The current findings suggest that the extracts
from A. hippocastanum, H. androsaemum, and A.
glutiosa can be fractionated and the fractions and the
single components of further purification procedures be
tested for antifeedant and toxicity effects against T.
solitaria.

Natural antifeedants are mainly plant substances of
various chemical groups. Particularly effective insect
antifeedants are triterpenes (25,26), sesquiterpene
lactones and alkaloids (27), cucurbitacines, quinines and
phenols (28). Some plant families include numerous
species containing bioactive substances, amongst are
volatile oils especially terpenes tansy (29,30).

Today, the environmental safety of an insecticide is
considered of paramount importance. An insecticide does
not have to cause high mortality to target organisms in
order to be acceptable (10). Antifeedant and growthinhibiting activity can therefore be incorporated into
other insect control techniques in the strategy of
integrated pest management (IPM). It would be
interesting to investigate whether A. hippocastanum, A.
glutiosa, H. androsaemum, and A. absinthum contain
substances similar to the antifeedant and growthinhibiting compounds present in the fruits of Azadirachta
indica (4,10) and Melia volkensii (27,31). It would also be
important to test for the toxicity of these plant extracts
against T. solitaria.

The tested plant extracts may be a valuable source of
natural antifeedant against T. solitaria. The possible
antifeedant single components or mixtures of the

The world flora has a variety of plant species, and in
order to increase the number of plants used for pestcontrol, more studies should be carried out. Thus, a
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variety of effective substances found in different plant
species could be discovered. Consequently, substances
alternative to many chemical pesticides, which pollute our

natural sources and threaten our future, can be found. In
addition, cheaper pesticides can be obtained and
environmental pollution will gradually decrease.
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